Mycoplasmavirus MVL2 is a nonlytic enveloped virion containing DNA. This DNA has been shown to be a double-stranded circular superhelical molecule of 11.8 kilobase pairs (7.8 x 106 daltons). The superhelix density is greater than that of pX174 RFI but less than that of PM2 phage DNA. A physical map of the MVL2 genome has been obtained using restriction endonucleases.
MVL2 is an enveloped DNA-containing virus which can infect some mycoplasma strains (reviewed in 16) . Infection by MVL2 is nonlytic: infected cells continue to grow during progeny virus release (18) . Maturation appears to occur by budding (R. M. Putzrath and J. Maniloff , manuscript in preparation). Electron micrographs of thin-sectioned virions show the viral envelope to have a "unit membrane" appearance (11, 17) .
No recognizable capsid structure can be seen in electron micrographs of thin-sectioned, negatively stained, or freeze-etched MVL2 preparations (16, 17) . Therefore, it has been suggested that the MVL2 virion is a condensation of nucleoprotein bounded by a unit membrane (16, 17) .
We report here studies on the structure of the MVL2 genome. These show that the virion contains a molecule of negatively superhelical circular double-stranded DNA of 7.8 x 106 daltons. While preparing this manuscript, we learned that Lombardi and Cole (15) have obtained a similar size measurement for MVL2 DNA.
MATERIALS AND METHODS
Cels, viruses, and media. Mycoplasmavirus MVL2 was isolated by Gourlay (10) and cloned in this laboratory. The host for MVL2 propagation used in these studies was Acholeplasma laidlawii JAl (14) . Cells were grown in tryptose broth medium, supplemented with 1% PPLO serum fraction (Difco Laboratories, Detroit, Mich.) and 1% glucose, at 37°C without shaking (4).
MVL2 was assayed as PFU on A. laidlawii JAl lawns on tryptose agar plates (4) . A 0.1-ml sample of diluted virus was mixed with 0.1 ml of late-log-phase A. laidlawii JAl cells. This was then mixed with 2 ml of soft agar (at 45°C) and poured onto a tryptose agar plate. The soft agar was 9.1 g of NaCl and 6.06 g of Tris per liter of water, adjusted to pH 7.3, and 7.0 g of agar (Difco). MVL2 plaques were visible after 15 h of incubation at 37°C. Although MVL2 is a nonlytic virus, plaques are formed because infected cells grow more slowly and make smaller colonies than uninfected cells (16 20 Ad of marker dye solution (10 mM Tris, 60% sucrose, and 0.25% bromophenol blue), deposited on the slab gel, and subjected to electrophoresis for 3 to 4 h at 100 V (current, 60 to 70 mA). The DNA bands were visualized by illumination with short-wavelength UV light and photographed. Bacteriophage X DNA (Miles Laboratories, Elkhart, Ind.) restriction nuclease fragments served as molecular weight markers for these studies.
Determination of supertwist density. The supertwist density of MVL2 DNA was determined using a dye titration-agarose gel electrophoresis method recently described (6, 8 removal of all negative supertwists, CCC and OC forms comigrate. Higher ethidium bromide concentrations introduce positive supertwists into CCC molecules, increasing their mobility. In addition to resolving CCC and OC forms, the dye titration-agarose gel technique allows a DNA of known superhelix density (e.g., 4X174 RFI) to be coelectrophoresed with a DNA of unknown superhelix density (e.g., MVL2).
The results of this experiment are shown in Fig. 4 . The supertwisted form of 4X174 DNA comigrated with the nicked, relaxed form at a dye concentration of about 0.05 ,ug/ml. For MVL2 DNA the equivalence point occurred at a dye concentration of 0.08 ,ug/ml.
The molar ratio of bound dye per nucleotide (v,) can be calculated using the Scatchard equation (21): v, = v,,mKc'/(l + Kc') (1) where vim is the maximum molar ratio of bound dye per nucleotide and c' is the free dye concentration. For ethidium bromide, vpm has a value of 0.18 (12) . Since the amount of bound dye is much less than the amount of free dye, c' is approximately equal to the total dye concentration. The association constant, K, for ethidium-DNA binding was estimated to be 2.0 x 106 M-1 from the data of Hinton and Bode (12) for the ionic strength of the buffer used in these studies. The DNA superhelix density, ao, is the number of superhelical turns per 10 base pairs in the absence of ethidium bromide, and can be calculated from: ao = -1.44 v, (2) where the unwinding angle for ethidium bromide is taken to be 260 (reviewed in ref. 3) . From the data in Fig. 4 , Go has been calculated for gbX174 RFI and MVL2. These are compared in Table 1 with previously published values for several well-characterized superhelical DNA molecules. MVL2 DNA appears to have a higher supertwist density than 4)X174 RFI, but is not as extensively supertwisted as PM2 DNA.
Restriction endonuclease map of MVL2 DNA. The action of a number of restriction endonucleases on MVL2 DNA was examined. In addition to the results listed in Table 2 , preliminary experiments have indicated that MVL2 contains no cleavage sites for SalI (recognition site unknown) or SmaI (CCCGGG recognition sequence; 19). Since BglII, HindIII, XbaI, and HpaI each made only one or two cuts, they were used in various combinations to obtain a physical map of the MVL2 genome. The cleavage patterns after electrophoresis in agarose gels are shown in Fig. 5 . From these data, a map of the MVL2 genome (Fig. 6) was constructed: the relative position of each endonuclease site is shown, with the single BglII site being selected as the zero point.
Briefly, the map in Fig. 5 was constructed from the data in Fig. 4 as follows. After choosing the BglII site as the origin, DNA was cut by BglII and XbaI (which also gives only a single cut). This yielded two DNA fragments (Fig. 5f ), one at 0.22 times the full-length molecule and one at 0.78. Hence, on the circular map, the XbaI site must be at either 0. 22 nuclease, HindIII made two cuts in the DNA, yielding fragments 0.92 and 0.08 times full-size molecules (Fig. 5m) . A BglII and HindIII digest yielded fragments with sizes 0.70, 0.21, and 0.09 (Fig. 5e) . Therefore, the BglII site is within the 0.92 HindIII fragment, and the two HindIII sites could be either at map positions 0.21 and 0.30 or at 0.70 and 0.79. To resolve this, the DNA was digested with BglII, XbaI, and HindIII and yielded fragments with sizes 0.73, 0.20, and 0.07 (Fig. 5d) . Since XbaI was chosen to be at position 0.22, the data in Fig. 5d are only consistent with the two HindIII sites being at 0.21 and 0.30. Finally, HpaI made two cuts, yielding fragments with sizes 0.58 and 0.42 (Fig. 5j) . A BglII and HpaI digest yielded 0.57, 0.26, and 0.17 size fragments (Fig. 5c) (Fig. 5h) . Since the HindIII sites are at 0.21 and 0.30, the best data fit is for the HpaI sites to be at positions 0.26 and 0.83.
Demonstration of single-strand regions in superhelical MVL2 DNA. To determine whether superhelical MVL2 DNA contained single-stranded regions, the DNA was treated with N. crassa single-stranded DNA-specific endonuclease and then analyzed by agarose gel electrophoresis (Fig. 7) . On such gels (as shown in Fig. 4 4 . Determination of DNA superhelix density by ethidium bromide titration-agarose gel electrophoresis. A mixture of purified MVL2 DNA and cXl74 RFI DNA was applied to a series of agarose gels, with each gel containing a different ethidium bromide concentration, and subjected to electrophoresis as described in the text. The gel on the left contained no ethidium bromide. In the others, from left to right, the ethidium bromide concentration increased in increments of 0.01 pg/ml from 0.02 to 0.12 ,ug/ml. corresponding circular forms (1) . With the condition used in these studies, @X174 LIN molecules are found at a position between CCC and OC, and MVL2 LIN molecules are found at a position faster than CCC.
After treatment of MVL2 DNA with the N. To examine the localization of the single- (Fig. 7b) or HpaI (Fig. 7c) (Fig. 7f) and three HpaI sites (Fig. 7g) (Fig. 7j) or HpaI (Fig. 7k) did not show discrete fragments. Instead a light smear was seen, with the largest pieces being full-length molecules. Therefore, the single-strand sites in superhelical MVL2 DNA that are cleaved by N. crassa endonuclease are not at a few highly specific sites in the DNA. A similar conclusion was reported for 4X174 DNA (2) , which is in agreement with these observations: after N. crassa endonuclease and XbaI treatment, most 4X174 DNA remains in LIN molecules (Fig. 7m) (7) . From the data presented here, the supertwist density of MVL2 DNA is about 80% of that of PM2 DNA.
In these studies and in those in previous reports on MVL2 structure (11, 16, 17) , no evidence of a capsid structure could be found. It has been suggested (17) that the virion is a nucleoprotein condensation bounded by a lipoprotein membrane. The superhelicity of the viral DNA may be important in the packing of the viral chromosome and assembly of the virion.
